We report progress towards realizing discrete time crystals using a BEC of potassium-39 atoms bouncing on an oscillating mirror. In the absence of interactions, each bouncing atom performs classical motion in which there are resonant islands in phase space located around periodic orbits whose periods match an integral multiple s of the driving period T of the mirror. If all the atoms are prepared in a single wave-packet, in the absence of interactions they tunnel to neighbouring wave-packets on a timescale determined by the driving amplitude and period of the oscillating mirror. In the presence of a sufficiently strong attractive interaction, the Floquet eigenstates of the periodic system become Schrödinger cat-like states, so that measurement of the position of just a single atom is sufficient to break the timetranslation symmetry and cause the system to collapse into one of the s wave-packets bouncing with period sT. Such a system allows dramatic breaking of discrete time translation symmetry where the symmetry-broken state evolves with a period typically s=40 times longer than the driving period and does not decay. This system provides also a suitable platform for demonstrating a wide range of condensed matter phenomena in the time domain.
Time crystals are an exotic form of quantum matter in which a periodically driven quantum many-body system spontaneously self-organizes its motion and repeats itself in time, rather than in space, with a period longer than the driving period, allowing the periodic structure to resist fluctuations and to persist for long periods of time [1] . Discrete time crystals with period-doubling have recently been demonstrated experimentally in periodically driven spin systems [2] [3] [4] [5] . However, the first idea of creating discrete time crystals, using ultracold atoms bouncing on an oscillating mirror [6] , still awaits experimental demonstration.
Here, we report progress towards realizing discrete time crystals using a Bose-Einstein condensate (BEC) of potassium-39 atoms bouncing on an oscillating mirror which is strongly confined in the transverse direction by a reddetuned optical waveguide to create a quasi-1D system [7] . In the absence of interactions, each bouncing atom performs classical motion in which there are resonant islands in phase space located around periodic orbits whose periods match an integral multiple s of the driving period T of the oscillating mirror. If all the atoms are prepared in a single wavepacket, in the absence of interactions they will tunnel to neighbouring wave-packets on a timescale of /J>>T, where J is the tunnelling amplitude which depends on the driving amplitude and period of the oscillating mirror. If we now turn on a sufficiently strong attractive interaction via a Feshbach resonance to create an interacting quantum many-body system, the Floquet eigenstates of the periodic system become Schrödinger cat-like states, so that measurement of the position of just a single atom is sufficient to break the time-translation symmetry of the Hamiltonian and cause the system to collapse into one of the s wave-packets bouncing with period sT. Such a system allows dramatic breaking of discrete time translation symmetry where the symmetry broken state evolves with a period typically s=40 times longer than the driving period. The atoms in the non-spreading wave-packet are prevented from tunnelling to other wavepackets by the attractive interaction. In contrast to the behaviour of the non-interacting system, the evolution of the atom density demonstrates the emergence of a discrete time crystal which is robust against external perturbations and in principle can evolve for extremely long times if the atom number N is large. Figure 1 shows numerical mean-field calculations of the creation of a discrete time crystal. Initially, a BEC of potassium-39 atoms is prepared in an optical dipole trap about 200 m above a periodically oscillating atom mirror. The trap parameters are chosen so that the longitudinal width of the atomic distribution |(z, 0)| 2 matches the width of the initial Wannier wave-packet |w1(z, 0)| 2 located at the classical turning point. When the longitudinal trapping potential is turned off, atoms fall onto the mirror and their time evolution is described by the full Gross Pitaevskii equation. In the absence of interactions, atoms tunnel slowly to neighbouring Wannier wave-packets which is indicated by a decrease of the overlap between the time evolving wave function and the initially chosen Wannier state (blue curve in Fig. 1 (a) ). When a sufficiently large attractive interaction is turned on (g1DN = -0.12), the system chooses a periodic solution evolving with a period 40T. In Figure 1 (b) the density of interacting (non-interacting) atoms is presented with the red (blue) curves at a moment of time t = 5010T when in the absence of interactions all atoms have tunnelled out of the initially chosen wave-packet. During the entire evolution the wave function of the interacting system does not decay, demonstrating the stability of the discrete time crystal.
This system provides also a suitable platform for demonstrating a wide range of condensed matter phenomena in the time domain, such as the superfluid to Mott insulator transition in the time domain [8] , Anderson localisation [7, 8] and many-body localisation [9] in the time domain, dynamical quantum phase transitions [7, 10] , systems with exotic interactions and quasi time crystals [11] , and topological time crystals [12] . 
